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FTFT F> np TMVKNTION 

The present invention is directed to recombinant cells, peptides, 
antibodies, compositions and methods that can be utilized for the inhibition and 
treatment of human papilloma virus (HPV) infection and cell transformation. 

Recombinant cells that contain, and express, a DNA insert that encodes 
a region of an HPV protein or a peptide induced by an HPV gene in a 
mammalian cell are produced, such as recombinant vaccinia virus that expresses 
an epitopic region of the E6 or E7 nucleoprotein gene product of HPV or a 
transfected or recombinant virus-infected, reconstructed fibroblast, epithelial 
cell, ivmphocvte or tumor cell that contains and expresses a region of the E6 or 
E7 nucleoprotein gene product of HPV. Specific peptides have been prepared 
that correspond to epitopic regions of HPV16 E6 and E7 proteins and these 
have been utilized in immunogenic compositions and vaccines. 
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Therapeutic and prophylactic methods are described for the inhibition and 
regression of HPV infections and tumor development in patients. 

BACKGROUND OF THE INVENTION 

5 

Work with experimental animals, particularly rodents, has shown that 
most tumors induced by oncogenic viruses express antigens encoded by the viral 
genome, and that immunization with these antigens can lead to rejection of a 
subsequent challenge of tumor cells induced by the same virus. Although much 
10 of this work was done with laboratory strains of virus, such as SV40, polyoma 

virus, and Friend, Moloney, or Rauscher murine leukemia viruses, horizontal 
and vertical transmission of oncogenic viruses in nature has been demonstrated; 
indeed a commercial vaccine against virus-induced feline leukemia and sarcoma 
is now available. 

15 By contrast, a viral etiology of most human cancer has not been 

demonstrated. Possible exceptions are hepatitis virus (hepatoma), Epstein Barr 
vims (nasopharyngeal carcinoma), and human papilloma virus (HPV 16) 
(cervical carcinoma). However, during the past two decades it has been 
established that some human tumor cells express tumor antigens, i.e.. antigens 

20 that distinguish the tumor ceils from their normal cellular counterparts. Some 

patients mount cell-mediated or humoral immune responses against these 
antigens (Hellstrom et al. (1968) Nature, 22Q:1352; Morton et al. (1968) 
Science 162:1279-1281; Shiku et al. (1976) J. Exp. Med. J44: 873-881). 
Some of the targets of these immune responses are oncofetal or differentiation 

25 antigens encoded by the human genome (Hellstrom et al. (1970) Int. J. Cancer 

6:346-351). 

Until recently the molecular nature of the tumor antigens was unknown, 
and the degree of tumor specificity of the immunological reactions was unclear. 
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a to utilize this information in developing cancer diagnostic assays or 
Attempts to utilize spontaneous tumor 

therapies have been largely unsuccessful. Because spo 
cancer therapies ^ ^ immune 

regressions are extremely rare, one may 

^es —tea * *» - — - ~ ~ » ^ ,„ 

bodies and ivmphocytes obtained from a cance P ^ $ 

HOto, tumor cells ia **. *• « ° f "* ' 

— tto ^ to :r:::ri m si of * e — , 

The development by corner <u.u 

m o, 6 .495-497) lead to intensified searches for human 
technique (1975, Nature 497) 

h .,„ ls = it provided the means to define such antigens. 
M mor antigens, because ,t pro ^ ^ 

tne m o,=cular levei and with respect to specific, y (H 

(19 79) inlh^i^. M. Sela. ed., Academic Press, Vol. V.! 66V 

OvI^everal years large numbers o f tumor-associated antigens 

u Harmed bv mouse monoclonal 

■u^n^ rtteisfeld and Sell, eds., (1985) in msa. 

antibodies (Reisieia <u r-iiuiar Biolosv. New 

Th.ranv UCLA Symposia on Molecular and Cellular » 
ggnSttJjHaW. uCi-A ™ Alt hou 2 h virtually 

c >< Vol •>? Alan R. Liss, Inc. New York, pp. 1-609). Alt . 
Series, Vol. .7, characteri2 ed have proven to be 

^d for therapy. Human monoclonal antibodies to turn. - - 

u • rCote et al (1983) Proc. Nad. Acad. Sc.. 82.2026-203U) 
been obtained (Cote et al. (w mounI „ 

. cited evidence that some cancer v 

supports the previously citea ^ by 

x/.-v n f these tumor antigen* 
immune reaction to their rumors. Many of these 
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the human genome, while in some cases these tumor antigens are the result of 
endogenous or exogenous viral infection. 

Human papilloma viruses are well-known mfecnve agents that produce 
ep.theiial neoplasia, such as wans and papillomas, in their hosts. Common 
hand wans and plantar wans are the most frequent sUn lesions in human, 
however, squamous cell carcinomas and genital cancers ,n bom males and 
females are also commonly associated with certain strains of HPV infection. 

The papilloma virus genome contains a double stranded, circular 
superceded DMA molecule having a molecular weisht of about 5 000 
Wlodaltons ftDa). This genome encodes between 8 and 10 proems this 
number being uncertain because a function or protein product has not vet been 
asstgned ,0 each of the open-reading frames (ORFs) of the genome. The ORFs 
produced early in replicauon were originally designated with an E, and those 
produced ,ate with an L. This designation however, has no, held up, and i, has 
been found that some E gene products are produced early and late in infection 

Infection by HPV is strongly associated with cervical cancer and other 
anogenital carcmomas m humans. (Zur Hausen et al. (1989, Cancer Res 
42:4677-4681; Galloway etal. (1989) Adv. Virus Res. 27:125-171). One HPV 
•yP*. HPV16, is commonly lifted with severe dysplasias and with cervical 
cancers. (Galloway e. al. ^ ftenberg e, al. (1983, Int. J. CanC er 
32:563-565). I„ these disorders, cenain viral E genes" and their protetn 
pn»ducts have exhibited prominent roles. Experiments using a reporter gene 
such as chloramphenico! acetyl transferase have shown that the E6 gene 
tianactiva^ the noncoding region of HPV DNA. (Phelps et al. (1988) Cell 
ii539-547). The E7 nucleoprotein has demonstrated a role in transformation 
and mamtenance of malignant phenotypes m ^ rr m „^ .. 
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, . d Sci USA 83:2200-2203; Kanada et al. (1988) J. 
ai. (1986) Proc. Nad. Acad. Sci. USA - 

,i nQRQ^ EMBO J. &:513-51V). 
Virol. 62:610-613; Crook et al. (1989) EM ^ 

• «ncrimenial animals, usually mice, 
Studies m expenmen ^ Qf a 

or killed cancer cells can ^ 

immunization with living 

. ..„„ bv viable cancer cells. In many 
su bse,uent challenge by ^ ^ ^ ^ „ many 

* to - " gCT which eHci* a protective — «p- 

other cases the nature of the antig 

U • theoretical obiecuon to *e propose, use of cancer vaccines in 

A ^ ■ for example , with cancer 

hum ans ,s <h* -mans whoare ^ unresponsiv e. This ,s 

* « MU ' free ^Tlse the tumor aniens « may be tne large. of the 
believed to often occur because U. ^ 

„ nt -ivjeit in trace amounts oniy, 
immune response are present. Immunization 

^. vwi bv the immune system as sen • 
and will thus be perched ^ ^ aut£)immune 

— such ~ jtjii - — — ta - 8 iuraors 

response. Most, if not all, tumo ^ ^ ^ „ 

by monoclonai anybodies are aisopr^m ^ ^ ^ A „ 

uttte evidence lha, cancer pauents respond ^ 
^en tnat is foreign to * — «— ^ ^ mosl lM y 
„, « oncogenic virus such as HPV16. should, on ihe 

induce a strong immune response. producu on of vaccines 

nwi technology for »e pre"" 
The use of recombinant DNA tec fnmslim involves the 

, , „mf cellular transformation 

" — -~ "1 . — " — 
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(1982) Proc. Nail. Acad . Sd 70,7415.7419. m„,i, 

^ a (I982) proc A Ma kett et ^ (i9s ^- 

i"«"ed imo us genome „ . " 3 Waor » «P™« *«ig» S enes 

«— ~ M _ P r c : r r:: ;:;r y e,,cits a h °* 

ean be used as a vaccine thi, = "ambulant vaccinia virus 

« live vaccines. " ""^ « <* »*> 

Recombinant vaccinia viruses « nr „ • 
Have been found t0 mduce . f ™ vruses 

, - hs : ywP :r : inc,ud= — m - — *- 

~- expressing either ^ ; 2 222:373)1 

proteins (Lathe et al. (1989) in v^nesf ' virus 

Meheus and R. E . Sp iel eds B ~*^^ A. 

eas, Butterworth & Co dd _, 
virus nucJeoorotein ^ ■ u '66-177) and an influenza 

weoprotein (Smith et al. (1983} xt . 

( 985) Proc - Natl - Acad. Sci. USA M-iTg,! r, 
vaccinia virus expressing i„ fluen2a vinI , a2 - I785) ' ™< 

ind-ce specific T cell ^ „ " uc,eo P"»«" to been reponed 10 

. -ombinani vaccinia 2 "' ^ ^ 

- demons^ — ™ * 

~c T ceils ^ innuj^:^ — * — * • 
Gen. vw. ffl-Tis, « , , « ■»• <«*> J- 

cells ^ I" * * — " - — - »— — ' 

^ reC ° mbinant virus expressing an HSV 
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. _ f _ r ucv (Zarling et 

al. (1986) J. Virol. 52:506). 



THE. 




•« directed » recombinant cells, peptides. 

— PaPa0ma rrl of - present — con„n a g ene encodin 8 a 
The recombinant cells tn ^ ^.^ of a 

- — y T;r;«a P1U0 ma *« - - - 

^e substantially ™^ ^ ^ „ roore regI ons of HPV 
pro ouct or a chimeric peptide compound on 

V , «. P^de _ — < , . 

expressed upon HPV intectton or to J* ^ ^ q( ^ 

inseni on of an HPV g ene into Ute ma— - or 

preS ent invent include bo* eu^ouc and pro^y ^ ^ 

wormed, respect, by me incorporation ^ ^ 

• f human papilloma virus, iuusnau 
reg ion of a protein of human p p ^ ^ ^ u 

include bacteria, viruses, such ^ ^ ^ 

^fected epical or cells or ^ ~ ceU , 

encode such an HPV related protein region, such - ^ ^ ^ 

• „nH neotides that elicit B cell and/or T cell r . 
Soluble proteins and peptides u 

included in the present invention. ^ 
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specific regl ons of the HPV 16 E6 . 
^bodies t0 these an.-pep^ 

Compositions of the nri .« n , ■ 

of human papilloma vims The , ""cleoprotem 

vims. rne compositions nf rh„ 

immunologically protective resnon« • C1Ung 40 

^ weave response in a recipient 

condition rKulBm from hu °" *• ^en, of a 

-tete amount of . «,„,„,. . ? * ™" » "^peuticaiiv 

or a composition containing a r^ nmh - 

A prophylactic method for ir^ u- 

«■» patient to innibi[s mmor d ' C " a respond i„ 

invenaon is ^ directed , " " *™**<*l «i„ T*e present 

raponse m the panent to inhibit infect™ h„ .. ' 

n» immunogenic «_,„ . . aoon by human vi~. 

SCIIIC c °niposiaon can ai ho ^ 
recombinant celIs ^ also be formulated to contain ' 

express an epuopic region of an m>v „ 
— nple, such compositions can contain a F ° r 

nt31n 3 «»-««norigenic cell that is major 
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histocompatibility complex (MHC) class I positive, into which a gene encoding 
an immunogenic region of an HPV protein has been inserted. The recombinant 
cell of this composition can then be administered to a patient to facilitate tumor 
rejection by eliciting an immunogenic response to the expressed peptide region, 

5 which is also expressed in the tumor cells. 

The immunogenic composition can also be formulated as a viral vaccine, 
in which case the immunogen comprises a recombinant virus that expresses an 
epitopic region of a protein of the human papilloma virus. Depending upon the 
nature of the recombinant virus used as the immunogen, either an inactivated 

[0 virus vaccine or a live virus vaccine can be formulated. Appropriate 

immunization with the vaccine formulation or immunogenic composition of the 
present invention can result in the induction of an immune response which leads 
to the destruction of tumor cells expressing an HPV epitopic region as well as 
inhibiting HPV infection, in the immunized subject. Preferred recombinant 

15 cells of the present invention include vaccinia virus encoding and expressing an 

epitopic region of either the E6 or E7 HPV 16 nucleoprotein, and epithelial, 
fibroblast, lvmohoid, blood cells, and tumor cells transfected with the E6 or E7 
HPV 16 gene. 

Still further advantages and benefits of the present invention will become 
20 apparent to those skilled in the an in the following detailed description. 

examples and claims which follow. 

DESCRIPTION OF DRAWINGS 

25 In the drawings: 

FIGURE 1 illustrates the cloning of the HPV 16 E6 open reading frame 

into two expression vectors. 
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A. The E6 open reading frame (ORF) was removed from HPV16 
full length DNA and cloned as a blunt-ended Ddel fragment into vaccinia 
expression vector pGS 62 which had been cut with Smal. 

B. The E6 ORF was cloned in pIC 20H to introduce a Hind III site 
at the 5' end for directional cloning downstream of the CMV promoter in the 
pCDM8 expression plasmid as described hereinbelow. There are 58 base pairs 
at the 5' and 98 base pairs at the 3' end of the E6 ORF which are untranslated. 



FIGURE 2 illustrates the cloning of the HPV16 E7 open reading frame 
into two expression vectors. 

A. The E7 open reading frame was cloned from the full length HPV16 
DNA as a TaqI, PstI fragment into pIC 20R which had been cut with Clal and 
Pstl. The E7 ORF was subcloned into the vaccinia expression vector pGS 62 at 
the EcoRI site. 

B. The E7 ORF was cloned into the pIC 20H vector to introduce a Hind 
m site at the 5' end of the gene and was placed under the control of the CMV 
promoter in the pCDM8 vector. There are 56 base pairs of untranslated 
sequence 5' to the E7 ORF and 24 base pairs 3' to the E7 ORF. 



20 FIGURE 3 illustrates the autoradiography of radioimmunoprecipitations 

of lysates from cells infected by two different plaque purified recombinant 
vaccinia viruses expressing the E6 protein of HPV16. 

The vaccinia lysates were prepared as described in EXAMPLE 5. 
Radioimmunoprecipitations were performed and the precipitates were 

25 electrophoresed. Lanes 1, 3, and 5 show the results obtained using rabbit 

antisera to E6 (provided by D. Lowy), lanes 2, 4, and 7 with normal rabbit 
serum and lane 6 with rabbit antisera to E7 (a 16 E7 NP). The antigens are 
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noted above the lane numbers. The lysates were prepared from labelled infected 
cells, and the electrophoresis gel was 17.5% polyacrylamide. 



FIGURE 4 illustrates the autoradiography of recombinant vaccinia 
5 lysates precipitated with rabbit antisera against either the E6 or the E7 

nucieoproteins of HP VI 6. 

The vaccinia recombinant-infected cells were labelled for one hour with 
35S-Cvs and 3 5 S-Met. The infecting virus is noted above the lane numbers. 

10 The radioimmunoprecipitates were loaded such that lanes 1 and 5 show the 

results obtained with anti-HP VI 6 E6 rabbit serum (D. Lowy), lanes 2, 4 and 7 
show the results obtained with normal rabbit serum; and lanes 3 and 6 show the 
results obtained with ccl6 E7 NP. The position of standard stained molecular 
weight markers are noted on the right side, while the position of E6 and E7 are 

15 noted by the left arrows. 

FIGURE 5 illustrates a pulse-chase study of the stability of the E7 
protein . 

Vaccinia virus infected cells were pulse labelled for 1 hour as described 
hereinbelow with 35 S -Cys and "S-Met, then incubated with unlabelled medium 
for the time periods shown above the lane numbers. The infecting virus (vNY 
or VHPV16/E7) is listed above the time identifications. After the indicated 
periods of time, the cells were lysed and maintained at 0-4 °C for 
radioimmunoprecipitarion analysis on a 17.5% acrylamide gel. The odd 
25 numbered lanes represent al6 E7 NP precipitation products, while the 

even-numbered lanes represent normal rabbit serum immunoprecipitation 
products. Molecular weight markers axe indicated on the right. 
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FIGURE 6 illustrates radioimmunoprecipitation of the E7 gene product 
expressed in COS cells transiently transfected with pCDM8-E7 mammalian 
expression plasmid. 

5 Lanes 1 and 3 show the banding pattern obtained for proteins 

precipitated with rabbit anti-Trp E/E7. 

Lanes 2 and 4 show the banding pattern obtained for proteins 
precipitated with normal rabbit serum. 
N = Nuclear fraction. 
10 C = Cvtosol fraction. 



A. Vaccinia E7 recombinant lysate was used as positive control for E7 
protein. 

B. pCDM8 E7 transfected COS ceils. 
15 C. Untransfected COS cells. 

FIGURE 7 illustrates the amino acid residue sequences for the HPV16 
E6 and E7 nucieoproteins 

-0 FIGURE 8 illustrates the titration of two monoclonal antibodies against 

peptide 359 of the HPV16 E7 protein. The open squares show hybridoma clone 
#14, the closed squares show hybridoma clone #10. 

FIGURE 9 illustrates Western blots of the titration of an ti sera against E6 
15 peptides. Anti-E6 peptide sera taken 3 days post-boost from rabbits immunized 

with peptide from the E6 ORF were titrated on Western blots against the 
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• /u« n<^ onlv The numbers (1) and 
homologous specific Trp fusion prote,n (16 E6 DS) only. 

W tndicate two different rabbits immunized with the same pepude. 



FIGURE 1U Uiuoia^www 

E7 pepude, Anti-E7 sera taken 3 da, post-boost - — — - 

. j ^„ u/Mtem blots asainst the specinc 
. m the E 7 ORF were titrated on Western oioo _ 
peptides from the E. different 

. nfi r7Kp) The numbers (1) and (2) indicate tw 
Trp fusion protein ( 1 6 E7 j . 

rabbits immunized with the same peptides. 



H ^rsTe7from rabbits immunized with an E6 or E7 pep.de 
E6 and E7 pepude, Sera from ^ ^ 

tested by Western blotting against the specinc v 
were testea oy react iviry in the serum was 

Tro E vector gene product to demonstrate that the reactivity 
Trp E vector gen y dilutions were 

specific for the HPV16 E6 or E7 protein. The highest s 

ZZ » - near the endpomt of reactivities base, upon previous titrations. 

The specific peptide (by number) use, as the immunogen i, Usted above 

^ 2 n^ellulose lanes; the antigen in each iane is denoted at the top of 
each set ot nirroc bottom under 

a. g el and the two dilutions of the serum used « * 

Ae hrackets. M indicates pressed molecular we.gM markers. 

- n about 1 week after the first or second boos, tor use m these 
were drawn about 1 wee* ait 

Anusera o3 58 , a360 and o3ol were obtained one week after 
Antiserum o359 was obtained one week following the first boost. 

FIGURE U Olusrrates the ration of E7 native prctetn by^BT 

„ mdie 359 antiser* from rabbits bled one week after the 
pepdde anusera. Aira-P=pade ^-methionine 
fct boost were used in a radioimmunoprectpttauon assay 
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and 35 S . cysteine Iabell£d vacdn . a E? recombinant . infect£d cen lysat£s 
control «16 E7 NP (lane 1) prec;pitates a band of 17-18 kDa. the rabbit sera 
(lanes 3 and 4) similarly precipitate a band of the same molecular weight, while 
the cc360 serum (Lane 2) fails to precipitate an E7 band. Molecular weight 
markers are seen at the right. 



FIGURE 13 illustrates RT-PCR analysis of cytoplasmic RNA from 
HPV16 E7 transfectants. Lanes contain (from left to right) P CDM8/E7 
plasmid, as a positive PCR control: cytoplasmic RNA from N7.4 and N7.2 
10 cells, respectively, which are NCTC 2555-derived HPV16 E7 transfectants; 

NCTC 2555 cells, as a negative control; E7C3, which is an M2 
melanoma-derived HPV16 E7 transfectant; and M2 melanoma cells as a 
negative control (par). Standard base pair markers are seen on the left. 

15 FIGURE 14 illustrates the growth of E7C3 tumors in C3H/HeN mice. 

In panel A, mice were immunized prior to tumor cell inoculation with NCTC 
2555 fibroblasts that have been transfected with either the HP VI 6 E7 (N7.2 and 
N7.4, open triangles, and closed circles, respectively) or HPV16 E6 (N6.8, 
open circles) gene. Panel B illustrates control studies that were carried out by 
20 inoculating mice with either phosphate buffered saline (PBS, open squares) or 

NCTC 2555 fibroblasts transfected with human melanoma antigen p97 (CL19, 
closed triangles), relative to immunization of the mice with N7.2 cells prior to 
E7C3 tumor cell inoculation. Panel C illustrates the tumor growth of the 
parental M2 melanoma cells (par) in mice immunized with E7-transfected 
25 NCTC 2555 fibroblasts (N 7.2). 
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FIGURE It uiu>u«~ imm unization. 
lumor growth in mice —zed wUh ™^ QT ^ 

e iniected with either anti-CD8 antibodies (closed 
mice were injectea wi 

• „o>o orior to administrauon of E7Cj tumu 
antibodies (open mangles) pnor to 

^nalvsis of CD4 positive and 

rn8 oositive splenocytes from mice treau=u 
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compositions, immunotherapeutics or vaccines f„ P 

. j vaccines tor treatment of patients 

Antibody molecules that can compete for h,„w 

compete for binding sites with these peptides are 

also contemplated herein. Specifically 

pecincally, antibody molecules against oindin- 
regions of the HPV 16 E6 and/or p? 

a . „ ° r E? Pr ° teinS ' ^ anti-idiotypic anybodies 

against these antibodies, are product th* t „ 

produced that compete for HPV binding sites on 
normal and tumor cell protein* c^k „ u 

OtBlOtt i,' w l- j ^ rednob ^^-a gene product 

(KB 1 05) which binds to the HP V 1 6 E7 protein Th* n, 

J Protein. The present invention is further 

» methods of inhibition ^ „ Qf ^ papjUoma vjms 

■nfecuon - oncogene, Specific metnc* „ f me presem 

Greeted ,o the _< of a condition ^ from Hpv ^ ^ 

prophylactic method to inhibit ti. m „, • •■• • 

f „ . m ° r ' nmaaon and Progression from cells 

fo..ow,n g the detecnon o f HPV tntectton. A further aspect of the present 
mventton ,s direct to a method o, i„ nibitins ^ ^ t ^ 

Definir^c 

In order to more clearlv descrih^ ,h. 

' aescnoe the present invention and its 

embodiments, the following definitions are included. 

"Transfer, as used herein, is the acquisition of new gene tic makers 
by incorporation of added DNA into eukaryoric ceils. 

"Transformation", as used herein, is me acquisition of _ 
markers by incorporation of added DNA into prokarvotic cells " 

"Oncogenesis", as used herein, is the cellular acquisition of a neoplastic 
phenorype leading to uncontrolled cell proliferation. 

"Cloning vector", as used herein, is any p^d or virus into which a 
foreign DNA may be inserted to be cloned. 

"Piasmid", as used herein, is an autonomous self-repiicatine extra- 
chromosomal circular DNA. 
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a herein is a DNA sequence 
r- rfYRF) as used herein, i=> 

-Open Reading Frame (OK*-), ^ 

-Helper virus , as usea ; nfec uve cvcle during 

■ v«o the latter to complete the miecuvc . 
defective virus, enaDling the latter 



from a 

a mixed infection. 



infection. NA ^ encodes 

, ■ nV as used herein, is the segment of DNA 
Gene (cistron) , as usee ^ prece din g and following 



the sequence of a peptide cnain, seQ uences (introns) 

nn (leader and trailer) as well as intervening sea. 
the coding region (leader an 

As used herein, the term base p ^ 

rri with guanine (G) m a urs/\ 
with thymme CD, or of «y«— < C) S ld or virus into 

As us ed neretn, *e term ■«»»*>» vector u any P 

whi ch a for.gr. ON. n»y he inserted — P— * 

As us ed Herein, the term "downstream tdenu ^ ^ ^ ^ 
^er in the direction of express.cn; for example. *. P* ^ ^ 

a g ene is downstream from *e initial codon or the . 

;c v to the sequence in question. 
m e gene; upstream „ 5 » ^ ^ ^ (PGR, re.ers ,0 

As ^ herein, the term ^ ^ ^ 

... ampU^on of BNA — ^ me ^plemeuraxy 

- - zrr^ - - » toes 10 

Cains by hearing, addtng pnmers and epea 

™i« 10' cooies of the DNA. By use 01 
produce approximately 10 copte 
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minute amounts of DNa cnn k» 

or una can be amplified to produce sufficient hma , 
various procedures. s "»iciem DNA for use in 

The term "inoculum" in ire 

describe a corner f °™ S 15 used » 

<*cnbe compostuon contaming , recombinant «„ or . 

- « aenve , ngrediem used f „ ^ «- °< .nven-on 

a used to induce antibodies it i« ,« u Pqmde 

iuotxnes n is to be understood thar th» 

infrequently used a inn, „ mav be 

=4 uy used alone, and more often linJced to a carrier nr ■ 

with other components but for ease of combination 
-avs be expressed Rafter ^ ^ "~- - 

^complete Freund's adjuvant <IFA> am, , 
sources. " S """"""ally torn several 

Individual inocula are readiiy prepared with C FA or IFA F 
an amour, of r^^,, « ** «»Pto. 

desired amount of reeo s- * """"^ '° pr ° Vide *<= 

amount or recombuiant cells and/or ueDtid, ,-o 

dissolved in PBS (at about 0.5 mi, a. pH 7 7T " " 

P 7 ' 2 ' volumes of CFA or tpa 

-e then mixed with the solution to provide an in , 

recombinant ceils and/or , ■ m C ° ntainin = the 

ceils and/or conjugate, water and adjuvant in whi.h ,h 
ratio is l • i -n,„ adjuvant in which the water to oil 

- volum JI™ 10 ~ - «— • 

- ios, durin g the emuisi^on T b """"^ ^ ** ^ ™> ' 

>- covered is Dte J ^ *" * ™cano„ that can 

crea 1S Placed into a svrinire anH ic,u • 

discussed hereinbeiow ^ " """^ "» - 

6 an, ° Um ° f i ~* **— - ta. an antmal, such 
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as a rabbit or mouse, should be at least about 90% of that present prior to the 

emulsification step. 

In inocula of the present invention both recombinant cells and peptides 

may be included either alone or conjugated to a carrier protein such as keyhole 

limpet hemocyanin (KLH) plus a physiologically acceptable diluent such as 

water or PBS along with an adjuvant. KLH is an acceptable carrier for use in 

animals, but it is quite costly to use on a commercial scale. The use of 

alternative carriers including soybean agglutinin, aluminum hydroxide (alum), 

bovine serum albumin (BSA), ovalbumin, peanut agglutinin, tetanus toxoid and 

, poly-L-lysme is also contemplated. Saponin, a plant produced glycoside, is also 

a well known adjuvant available commercially from Berghausen Chemical 

Company, Cincinnati, Ohio, as a 5% solid solution, and can be used herein 

along with aluminum hydroxide. 

The above inocula stock solutions are illustrative of the inocula of this 
5 invention. As demonstrated herein, they can be used to produce antibody 

molecules or elicit T cells that immunoreact with the recombinant cells and/or 

peptides of the present invention. 

The term "immunogenic composition" in its various grammatical forms 
is used herein to describe a type of inoculum containing a recombinant cell or 
10 peptide of this invention, that is, an active ingredient that is used to induce an 

active immunity in a host animal. In a preferred embodiment, an immunogenic 
composition of the present invention can be a vaccine. Since active immunity 
involves both the production of antibodies and the elicitation of a cell-mediated 
immune response, a vaccine and an inoculum may thus contain identical 
25 ingredients, but their uses are different. In most cases, the ingredients for a 

vaccine and for an inoculum are different because many adjuvants used for 
animals mav not be used in humans. 
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The relatively small peptides used in the studies of the present invention 
were synthesized using the solid-phase method of Menifield, (1963) J. Am 
Chen, Soc. 55:2149-2154, incorporated herein by reference, on an Applied 
Biosystems Peptide Synthesizer, Model 430A. An additional cysteine residue 
was inserted into the sequence at either the C- or N-terminus. After cieavaee 
from the resui and deprotection, the peptides were purified by reversed-phase 
high performance liquid chromatography. Prior to their use as immunogens the 
peptides were coupled, through their cysteine residues, to KLH by use of the 
Afunctional reagent sulfosuccinimidyl 4-(N-maieimidomethyl) cyclohexane- 



*0 1-carboxvlate. 



The term ••synthetic" as used herein refers to a peptide molecule that has 
been built up by chemical means, that is, chemically synthesized, rather than 
being prepared by a biological means such as by genetic engineering techniques. 

Vaccines and immunogenic compositions used herein contain the stated 
amount of peptide alone, recombinant cells, conjugates or combinations thereof. 
These immunogenic compositions also contained a physiologically tolerable 
diluent such as water or saline, further typically including an adjuvant, such as 
complete Freund's adjuvant and incomplete Freund's adjuvant. 

Immunogenic stock solutions were prepared with IF A or CFA as 
follows: An amount of the synthetic peptide conjugate and/or recombinant cells 
sufficient to produce the desired amount per inoculation- was dissolved in 
phosphate buffered saline (PBS). Equal volumes of CFA or IF A were then 
mixed with the solution to provide a composition containing the cells and/or 
peptides, water and adjuvant in which the aqueous-to-oil ratio was 1:1. The 
mix was thereafter homogenized to provide the stock solution. 

As used herein, an "epitopic region" is a structural domain, such as a 
specific amino acid residue sequence or peptide fragment, of a molecule that is 
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capable of eliciting a specific immunological interaction with antibody 
molecules or T cell surface molecules in a host. An epitopic region can contain 
one or more antigenic determinants and/or immunogenic determinants. 

The term "antigenic determinant" as used herein, designates the 
5 structural component of a molecule that is responsible for specific interaction 

with corresponding antibody (immunoglobulin) molecules or T cell surface 
molecules elicited by the same or related antigen or immunogen. 

The term "immunogenic determinant", as used herein, designates the 
structural component of a molecule that is responsible for the induction in a host 
10 of an antibody or T cell surface molecule containing an antigen combining site 

(idiotype) that binds with an immunogen when used as an antigen. 

The terms " anti-idiotype " and " anti-idiotypic antibody " are used 
interchangeably herein, and refer to an antibody whose antigen binding site 
specifically binds to the idiotype of the primary antibody prepared against a 
15 particular antigen, such as a papilloma virus antigen, such that the anti-idiotypic 

antibody competes for the binding of the primary antibody to the antigen. 

The term "antigen", as used herein, refers to an entity that is bound by 
an antibody or a T cell surface molecule which develops in response to the 
presented structural component. 
20 The term "immunogen", as used herein, describes an entity that induces 

antibody or specific T cell production responses in the host animal. 

The term "unit dose" refers to physically discrete units suitable as 
unitary dosages for animals, each unit contains a predetermined quantity of 
active material calculated to producer the desired therapeutic effect in association 
25 with the required diluent; that is, a carrier or vehicle. The specifications for the 

novel unit dose of this invention are dictated by, and are directly dependent 
upon, (a) the unique characteristics of the active material and the particular 
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therapeutic effect to be achieved, and (b) the limitations inherent in the art of 
compounding such active material for therapeutic use. 

As used herein the term "effective amount" means an amount sufficient 
to beneficially inhibit the infection and/or tumor initiation of cells in response to 
5 an HPV infection. The effective amount for a particular patient may vary 

depending on such factors as the state of the infection, the overall health of the 
patient, the method of administration, the severity of side effects, and the like. 

The term "correspond" in its various grammatical forms, as used herein 
and in the claims in relation to peptide sequences means the peptide sequence 
10 described plus or minus up to 3 amino acid residues at either or both of the 

amino and carboxy termini and containing only conservative substitutions in 
particular amino acid residues along the peptide and/or polypeptide sequence. 

The term "conservative substitution" as used above denotes that one 
amino acid residue has been replaced by another, biologically similar residue. 
15 Examples of conservative substitutions include the substitutions of one 

hydrophobic residue such as lie, Val, Leu, or Met for another, or the 
substitution of one polar residue for another such as between Are and Lvs, 
between Glu and Asp or between Gin and Asn, and the like. 

In some instances the replacement of an ionic residue by an oppositely 
20 charged ionic residue such as Asp by Lys has been determined conservative in 

the an in that those ionic groups are thought to merely provide solubility 
assistance. In general, however, since the replacements discussed herein are on 
a relatively short synthetic peptide region, as compared to a whole protein, 
replacement of an ionic residue by another ionic residue of opposite charge is 
25 considered herein to be a "radical replacement" as are replacements by nonionic 

and ionic residues, and bulky residues such as Phe, Tyr or Trp and less bulky 
residues such as Gly, lie and Val. ' 
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The terms "nonionic" and "ionic" residues are used herein in their usual 
sense to designate those amino acid residues that either bear no charge or 
normally bear a charge, respectively, at physiological pH value. Exemplary 
nonionic residues include Thr and Gin, while exemplary ionic residues include 
Arg and Asp. 

II. r> ?r nprion of Preferre d Fmhodiments 

The inhibition and treatment of human papilloma virus infection, 
oncogenesis and tumor initiation in patients are aims of the present invention. 
The demonstration of the expression of papilloma proteins and peptides in 
infected cells has encouraged the present inventors to develop the recombinant 
cells, peptides and methods described herein. 

Recombinant cells of the present invention contain a gene insert that is 
substantially similar to a DNA region from a human papilloma virus. In one 
embodiment, the gene insert encodes a region of the E6 and/or E7 nucleoprotem 
of HPV 16. In a particularly preferred embodiment, an epitopic region of the 
E6 and/or E7 protein is expressed. In another embodiment, the gene insert 
induces the expression of a cellular protein in a recombinant mammalian cell 

0 containing this gene insert. 

The present invention contemplates expression systems for HPV-induced 
protein regions and include viruses such as vaccinia virus and adenovirus, 
fibroblasts such as COS monkey cells and human keratinocy tes , tumor cells 
such as CaSki cervical carcinoma cells, and melanoma cells, and other 
mammalian cells such as epithelial cells, and lymphoid cells. In another 
embodiment, cells which are MHC class. I positive, and which preferably are 
non-tumorigenic, are transfected with a gene encoding a region of an HPV 
protein. In a particularly preferred embodiment, a gene encoding a region or 
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the HPV16 E6 and/or E7 protein is insened into these MHC class 1 positive 
cells or is expressed upon infection with a recombinant virus containing these 
genes, and an immunogenic composition containing these cells are administered 
to a patient having an HPV16 induced tumor as a method of facilitating tumor 
regression. Such tumor regression can be in response to the induction of an 
immunological response in the patient by the immunogenic cells and this 
response is then directed against the tumor. 

The recombinant cells of the present invention are expression systems, or 
cells, that contain an inserted gene construct encoding a region of an HPV 
protein. Illustrative expression systems, or cells, in the present invention 
include viruses such as vaccinia virus, amphitropic retroviruses, adenovirus, 
poliovirus and other viruses that can be administered to patients in a 
non-pathogenic manner, such as in an immunogenic composition or a vaccine, 
and cells capable of infection, transfection or transformation with an HPV gene 
15 such as peripheral blood lymphocytes, and epithelial cells. The present 

invention contemplates all cells that are capable of integrating and expressing a 
region of a human papilloma virus gene. Some variations in the amino acid 
residue sequence of the expressed gene product that do not significantly 
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diminish immunogenicity are contemplated in this invention, as well as specific 
peptide fragments having similar amino acid residue sequences to region of E6 
and E7. 



In one embodiment the gene constructs of the present invention are 
prepared by cloning an ORF corresponding to a region of a human papilloma 
virus nucleoprotein, such as the E6 or E7 proteins of HPV 16, from a plasmid 
25 containing a larger portion of the HPV 16 genome by restriction endonuclease. 

The restriction fragments are then cloned into expression vectors by standard 
molecular biology procedures, such as those described in Ausubel, F. M. et al. 
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, rnreene Publishing Assoc. and 

(1990) CiiH^^^iS^ (i98 2) ms&MJ^**^ 

• and Mamaus. T. et ai. ' 
Wilev Interscience) and maiu 

, cr'r.iH Sorina Harbor Laboratory, NY). 

• „ vmaT containing the aesireu 

The express^ vector co ^ 

a intn the eenome ot a no*** 
processed and inserted into * g ^ ^ 

recombinant cell of the present invent . ' 

viral infection ot 

or intern force,! by selective pressure; or introduced 

the ceUs. . selected ORF fragment 

,it= chosen for insertion of the seiei. 
^ parucular stte chose ^ by 

in to the clontng vehicle to form a recombinant W A 

a vari ety of factors, *iown by one sailed in the * - » q{ ^ 

of the pepdde or protein to be expressed su^ ^ 

ge „e product by - bost ce* and location of s— « ^ 

• i„w nreferred embodiment, a nosi 

ln a particularly preterr doub le-stranded 

■„«. virus Vaccinia virus contains a linear 
invention is a vaccinia virus, v ^ 

i 1Q7 Vilobase pairs ana rcyn^ 
DNA genome of approximately 187 tal iranscli puonal 

- ■ f»r,=d cells These viruses contain a comp 
cyK) plasm o. infected cells. p^denylaung enzymes) 

enzyme system (including cappmg. methylanng an po ^ 

j,,. „. necessary for virus infectivuy. 
withih the virus core that are necessary ^ q . 

optional regulatory sequences (promote ^ ^ 

^enption by vaccinia KNA polymerase but 

P ° lymOT5e ' • of foreign DNA. in recombinant vaccinia viruses quires the 
Expression of foreign O D NA sequences of the foreign 

of vaccinia promoters - — ^ ^ ^ conso ucted to 
g ene. Plasm* vector, also caUed mseruon ve^ ^ ^ 

— — - to ° r::;^: —g - — - 

composed of: (a) a vaccinia virus p 
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initiation site; (b) several unique restriction . w , 

» *. . e ^ j P . n ,r rr:r c,onin8 s,,es -* 

*e promos and doning sites which ^ ™ ««.) n- tang 

homologous nonessential region of the *" ^ "» 

^gion or the virus genome- anrf m> u 

of repiication and Abiotic resisance ' W » origtn 

Examples of such vecmrs „ ™" ^ - -'-on in E. 

Vin>, & S57 . SM ^ by « al. I984 . 



Recombinant vaccinia viruses are produced 
~ pi^rnids, con[MMg ^ ^ ^ - — 

~y m ^ ^ vaccmja « — .n«o cells 

wi^n the infected cells and results^ ^ ^ Pb « 

*- ~. The inf _ " " " » «~ U-o the 



virai genome tj,^ • ~- & 5WUC imo tne 

6 ome - "»e infected cells can be 

druses which subseo UCTtJ y „ ^ J"" ** 

«~ funcnons and infectivtty and cT Z ""^ ^ 

approximately 35 ^ o f fore J D ^ P ^ " aCC ™ K 

* — *, ^ leveu s^^irrr =TOn be 

nudeic acid hybridization or by exam 6 " *" b, ° ,Ilng *« 

(for exanm, ? ^ — o.icaj 

v (tor example, radioimmunoprecipitation • 
immunoblordng). ^ * ra <i.o.m m unoassay, „ r 



proteins. The- peptides, preferably correspond m ,h 

HPV-induced protein, ^nespond to those regions of 

Proteins expressed in the t^^k- 

recombinant cells of _ 

invention. Particular.*, — , 1 ceils of the present 



correspoi 



HPV !o E6 a.d/or E7 proteins ^ _ ~ ^ ° We re8i °" S °< 

The pepades can be prepared by either the 
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Composition vocrines and therapeutic 

• are utilized as immunogenic compositions, vaccines an 
invention are utilized rnnta inin- a recombinant 

■rions In one embodiment, a composition contains 
compositions, in w xrpvi6 E7 protein is 

utilized as an immunogenic composmon tn 

• , ,« WPV infection and/or tumor initiation, 
patient to HPV miecu „ ont ,; n in addition to the 

- ,w» nrp^ent invenuon contain, m 



described herein above. administ ering an effective amount of 

• also involves administering ^ 

The present mvention also in 

rec— ecus an.or Pep-, P" f ^— J v " fcctin . 

region , . . — - > «— • - l r;Z^ — 

Generally, *e recombinan ^ ** ' „ efftctive 

. • «, as a pharmaceutic*! composition comprising an effec 
are administered as a pnam oh!irm ,ceutical carrier. 

f *= recombinant cells and/or pepudes and a pharmaceuu 
amount of the recomoina. invention is 

a „,r. n terallv the composmon of the presei 
When administered parenteral^ , on or 

plated in a unit dosage instable form ^ _ 

en— in — - "* * ^^1. earriers are normal 

„1, non-toxic and non-therapeuuc ^ 

^ Klnger, solution, dextrose solution and H- . ^ 

^ such as fixed oUs and ethyl • -» * m , nor amounts of 



alAa is 5 % dextrose/saline. , noMnic itY isoton.ciry. and 

additives such as substances that enhance immunogenics 
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chenticai stability, for example, buffers ^ preservatIves . Gn ^ 

useful for such administration are well known in the an. 

Antibodies and substantially whole antibodies raised to (induced by) 
record, celis aru, peptides o, this invention as wel, as antigen comb.ning 
sues prepaid from such antibodies and anti-idiotypic antibod.es prepared to 
*ese anybodies and/or antibody fragments constitute still another embodiment 
of this invention. Such antibodies are raised in mammalian hosts such as mice 
rats, gutnea pigs, rabbi*. horses Md ^ Iike by immlmi2aU0n using ^ ^ 

desenbed hereinabove, or monoclona, antibodies conjugal , 0 earners for the 
purpose of raising anti-idiotypic antibodies. 

• m a preferred embodiment, the antibody molecules of this invent™ 
■ndude whole antibody raised in mammals by immu mz i„g them w,th tnoculum 

containing a recombinant cell and/nr t«„, -a 

ant cen and/or peptide or anti-peptide antibody as 

described hereinabove. 

Antibodies prepared against specific peptides of E6 and E7 win allow the 
examination of ceHular homologs of Eo and E7. For example, pept.de, such as 
pept.de 350, contain pan of a binding region for a retinoblastoma 2 e„e product 
«nned RB.05. Anybodies against such peptides may mimic RBlCKand bind to 
cellular proteins sharing sequence homology with E7. This identification of 
ceUular homologs of E7 could potentially identify cellular proteins responsible 
for prolrfe^on, and cellular proteins which may be normal' hgands of RB105 
The antiidiotypes o, such antibodies may mimic E7 and identify ligands other 
RB105 of E7 itself or the homologs, i.e.. ceU pronation proteins. This 
can fed to identification „, other ceUulax proteins which interact with cellular 
proliferation proteins to either up or down-regulate proUferation, such as tumor 
suppressor proteins or transforming proteins, "simitar studies can be applied to 
E6 and to Ugand p53 and ott,er unknown ugail<is of ^ Eg 



SUBSTTTUTE SHEET 




WO 92/05248 




PCT/US91/07081 



-29- 



immunized 



10 



15 



20 



25 



Rabbits may oe u.»»» „ omnlete Freund's adiuvanu 

and boosted two or three 

• Iefl oeotide in incomplete Freund's adjuvant, 
or conjugated pepuoe in which 

of ten intradermal injections on the back, tw 
ionization consist, of ten ^ ^ ^ ^ 

^ in the sub-scapular region and boos. f 

•™, Rabbits were bled two weeks post-pnmary an 
sub-scapular region. Rabbits we 

(5 - 8 days) subsequent to the boosts. ^ 
Sera containing immunologically active antibodies wou 
2 the bieeds bv methods well known in *e art. These antibodies 
pt0 duced from the bleeds by ^ ^ 

«. immunoreactive with one or more of the peptide 
todies can then be udHx- by similar methodology to produce anti 
todies of one or more pepddesof - j~ _ ^ „ 

Suta ble monoclonal antibodies, typically w 

„ k Mom. technology described by Niman et al. (1983) 

wmphoevtes obtained from the spleen 

^mbinan, cel. or peptide or antibody of the ~~£ZL e 

B „ preferred .at the myeioma cell line be from the - ^ ^ 

• u .uriA* run be raised in nude mice, i yv* 
lymphocytes, but cross-species hybnds can be 

• -R^ih/c is the preferred mammal. Suitaoie m 
mouse of the strain Balb/c is the p 

;«^iiirie-AG-8 cells and NS-l ceus. 
for use in the present invention include AG ^ethylene 

_ -„ llv fused with myeloma cells using * 
Splenocytes are typically tusea 

gly col. such as PEC *» or PHO 6000. Fused hybnds are 
Jlsidvity to HAT media (hypo—, aminopteru, and . 
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Hybnd0nm PrDdUC ^ *"*°*y molecules of the present Inventl 
«— the „ Iinked lmmu „ Mbsort;an[ J^^ ~ 
hereinafter. ' (ti.JSA) descnbed 

^maun, bu, may ^ be ^ ta ^ ^ 

from asctes fluid of mammals into which th, * • _ . 
introduced m ° WhlCh * e hybridoma have been 

-due*. Produce of monoclone antibodies usi„ g ascites fluid „ ^ 

knOWn Md "°<°= <tatt with further herein. 

Methods are contemplated bv the m „„ • 
~, of HPV infection „ '" Vena0n ^ inhibW ° n 

patients. ^ reSUlU ' ,t *"» HPV * 

from HpTf " ^ ** " <" * — 

ta- HPV mfecnon tnciudes the admiration t0 . patjem Qf . 

amount of a common of the present invention for a tj pel 
detent to ^it the pro g res S i„„ of the conditio, f^ve J£ 
. ,.e ^ _ Md human _ ^ ^ ^ 

the composition of the n revn r 

tne present invention prevents or retards the further 
progress^ of the condition in the patient. 

A prophylactic method is further . , 

in a patient <h„ • u contemplated to inhibit tumor initiation 

m a patient following the detection of hpv • . 

effective amount of the comoo " ^ * 

patient » r ■ °" "* inVCTd °" < S -»**•«<< » «* 

paaent to elicit a nrm~^„« 



response 



administration of an imm - — mwanon. Preferably, 

Pep es of the present mvemion elicits the recruitment of CDS-, T 

to. mediate the inhibit of ^ ^ fa ^ pa(ien[ 
A method for ^ ^ ^ ~ t ^ ^ ^ = 

HPV ,s a.so contempt in u, e presen[ ^ fc >° a 
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sufficient amount of „ lmraunogenic ^ 
cells and/or peptides of Ms immtim „ admjnisiered tQ a patiem [Q 

elicit an immunoiogicaJly protective resnon^ in fh . 

/ v ccnve response m the patient to inhibit subsequent 

infection by HPV. 

In a preferred embodiment, the ^munogemc composition 1S a vaccine 
that when administered immunized the patient against HPV infection 

The present invention is further described by the followmg Examples 
which are intended to be illustrative and not limiting. 

EXAMPLE 1 
Preparation of the OKF m--.^ m - F „ , net „ 

A. £6 

The E6 and E7 ORFS were cloned from a p B R322 plasmid 

(PBR322/HPV16) containing the entire RPVia 

<5 tne enare HPV16 genome. The 630 bp Ddel 

foment (op, 25-654, contain, the E6 ORF. The Ddel foments were 
blunt-ended with the Klenow fragment of DNA ^ ^ 

electrophores.s in 3% NuS ieve genetlc technolosy ^ ^ ^ 
Byproducts, Roclcland, ^ agaroM ^ 63Q ^ ^ fagmen[ ^ 

eiectrophoreticallv transferred t0 NA45 DEAE (Schleicher * Schuel, Keene 



NET 



20 mM Tris pH 8.0, extracted a t 65' C with phenol Md then cnIorofonn 
P^tpitated wtth 2 volume, of ,00% ethanol, and, chen, .he DNA pelle, TO 
suspended in Tris-EDTA (TE) buffer (10 mM Tris-Cl, pH 7.5, 1 m M EDTA 

nXJ q n\ J 



pH 8.0). 



IT* vaccinia expression vector utilized was pGS62 which is identical to 
PGS20 (Mac*,, e. al. (,984, ;. Viroi. 42:857-864., wttn the exception that „ 
EcoRI site was deleted from the plasmid, ieavtng only one EcoR site 
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downstream of the Smal site. This vector was linearized with Smal, and 
dephosphorylated by treatment with calf intestinal alkaline phosphatase CCIAP) 
and gel purified. Recovery of the fragment from the gel was performed as 
described for the E6 ORF from pBR322. The E6 ORF, plus untranslated 
5 sequences of 58 bp 5 ' and 98 bp 3\ was ligated to the pGS62 vaccinia 

expression vector downstream of the 7.5 k promoter. The recombinant 
plasmid, having the structure indicated in FIGURE 1, was isolated, 
characterized and propagated by standard molecular biological procedures as 
described in Maniatis, T. et al. (1982) in Molecular Cloning: A Laboratory 
10 Manual (Cold Spring Harbor Laboratory, New York) and Ausubeh F. M. et al. 

(1990) Current Pr otocols in Molecular Biology (Greene Publishing Assoc. and 
Wiley Interscience). 



B. E7 



The complete HPV16 genome cloned in pBR322 was cleaved with TaqI 
and PstI and subjected to electrophoresis. The 374 bp fragment containing the 
E7 ORF was gel purified as described for E6. The pIC 20R vector (Marsh, 
J.L., et al. (1984) Gene 22:481-485) was cleaved with PstI and Clal and gel 

20 purified. The recombinant pIC 20R E7 plasmid having the indicated structure 

(FIGURE 2) was isolated, characterized and propagated as described above. 
The pIC 20R E7 was treated with EcoRI and the fragment containing the E7 
ORF was purified by gel electrophoresis. 

The vaccinia expression plasmid pGS62 was cleaved with EcoRI, treated 

25 with calf intestinal alkaline phosphatase and gel purified as described. The 

recombinant plasmid indicated in FIGURE 2 containing the E7 ORF and 56 bp 
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^ S; and 2* bp J- of the E7 OKP was obtatned. - 

propagated. 

C ' BO* recombinant vaccinia express.on plasmids were expand and 
5 purified by CsCl. ethidium bromide equilibrium cemrifugauon. 

EXAMPLE 2 

10 r^nn of TTrrnmH— ' v^rmia Virus 

c iru.r Ffi or E7 ORFs were designed to insert the 
The cloning steps for either E6 or t / u*r 

» ^n..>nctTMm of a vaccinia virus 
open reading frames at a unique clomng sue just downstream 

open ic* & evnressed at both early 

u^scripuonalcontroieiement (7.5, promoter) whtch, express 

, i / 1 oofv\ T Virol 64:2448-2451). me 
„<, hue dmes after infection (Earl et ai, (1990) J. Vtrol. _ 

ORF s are flatted b y the left and right arms of the vaccinia thymtdme ^ 

^ gene „ facilitate homologous recombination with the vaccmta vtrus 



:0 



25 



30 



genome. /iq2a , \ i 

Using the general method described by Macicett. M. et al. (1984) 3. 

Virol .9:357-864, the pGS62/E6 and pGS62,E7 were separate* mserted tnto 

L -a- - wno^e aene bv homologous 
vaccinia virus genome within the thymtdtne lanase = ene b. 

, • „ «v derived from the Wyeth smallpox 
recombination. The parental vtrus, v-NY, denved 

vaccine (New York City Board of Health strain) was propagated ,n BSC* cd 
ler 1 Pl,ue purlins. Briefly, the chimenc plasmid was 
.to ceus previously infected by the parent ^ ~ 
^ion of me plasmid is homologous to the TK regton of the vtrus. Th 
^lid reeolined. .sening the foreign gene into the vaccinia «om 
render the- recombinant virus TK, The TK" virus was seiected » TK c 
, ro wn in the presence of medium containing 5bromodeoxyundtne. 
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15 



20 





recombtnant vin.se, were purified by Aree rounds 0 f plaque purification and 
erumenc viruses were tdentified by hybridization of the virai DNAs with etther 
"P-Labelled E6 or E7 DNA purified from a bacterial vector. 

EXAMPLE 3 

Construction nf Mamm alia" R rciTmim 

The HPV 16 open reading frames (ORF) for E6 and E7 were separately 
cloned into the mammalian expression vector pCDMS (Invitrogen, San Diego'. 
CA) a, the Hind HI site downstream of the immediate early (IE) 
cytomegalovirus (CMV) promoter (FIGURES 1 and 2). The E6 ORE was 
subcloned by gel-purifying the BamHI, EcoRI fragment from the P GS62/E6 
vaccinia virus expression plasmid and ligating it into the BamHl, EcoRI cleaved 
PIC 20H plasmid in order to obtain a Hind m site at the 5' end of the E6 ORE 
for directional cloning into pCDMS. Plasmid pic 20 H/E6 was digested with 
Hind in and Xhol and 4= E6 ORE, along with umransiated sequences of of 
58bp that are 5- and 98bp that are 3" of Ute ORE, was gel-purified and ligated 
mto the Hind III, Xhol-digested pCDMS vector. The recombinant P CDM8/E6 
shown in FIGURE 1 was isolated, characterized and prorogated, as described 
heretn above. The colonies formed were screened by standard mininrep DNA 
punfication methods, Mowed by treatment of the DNAs with restriction 
endonucleases. The combinations of enzymes were selected to yield diagnostic 
banding patterns of the DNA fragments cloned in the correct orientation with 
respect to the direction of transcription, i.e y to 3\ Appropriate clones were 
amplified arid their DNA purified by CsCl, ethidium bromide equilibrium 
centrifugation. 
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20 



The E7 ORF was gel purified from pIC 20R/E7 as an EcoRI. PstI 
fragment and subcloned into pIC 20H at the EcoRI and PstI sites (FIGURE 2). 
The E7 ORF was removed from pIC 20H/E7 using Hind HI and PstI in order to 
introduce a Hind III site at the 5' end of the E7 ORF. The E7 ORF-containing 
fragment was gel-purified and ligated into the Hind III. Pstl-cleaved pCDMS 
expression plasmid, along with 56bp untranslated HPV sequence 5' of the ORF 
and 24bp untranslated HPV sequence 3' of the E7 ORF, to produce pCDM8/E7 
shown in FIGURE 2. Colonies were screened, amplified and the DNA purified 



as outlined above. 



EXAMPLE 4 

T^rrinn of a D M A Pnrodina an Fnitopic Region of an HPV 
Mnri^n pmtein jntn Epithelial or Fibroblast Cells 

A DNA nucleotide sequence corresponding to at least one epitopic 
region of either the E6 or E7 nucleoprotein of human papilloma virus is inserted 
into a mammalian expression vector and transfected into epithelial or fibroblast 
cells by the methods described in Example 3, hereinabove, using standard 
calcium phosphate precipitation techniques followed by glycerol shock. The 
cells are then placed in G418-containing Iscove's Modified Dulbecco's medium 
(IMDM) (1 mg G418/ml) after transfection. When colonies grow to a visible 
size, they are removed by using cloning rings, transferred to individual wells of 
24-well plates and grown in tissue culture to higher numbers. Part was stored 
in liquid nitrogen in 10% DMSO, 90% fetal calf serum and used for further 



25 studies. 
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EXAMPLE 5 



5 



Radioimmunopre cipitation of E6 and E7 Gene 
Product from Recomhi nanr Vareinia Virus Infecrinn 



Rabbit antiserum against HPV16 E7, and HPV16 E6 TrpE fusion 
proteins were prepared (al6E7NP and ctl6E6DS, respectfully) and provided by 
D. Galloway as described in Jenison et al. (1988) J. Virol. £2:21 15-2123. 

Rabbit antiserum against HPV16 E6 was provided by D. Lowy (National 
Cancer Institute, Laboratory of Cellular Oncogloy, Bethesda, MA) as described 
in Androphy et al. 1987, EMBO 6:989. 

BSC40 monkey ceils infected for 12 hours with a vaccinia recombinant 
virus of the present invention or CaSki cervical carcinoma cells (obtained from 
the ATCC) were labelled for 60 minutes in a 10 cm culture dish in 
methionine-free medium supplemented with 5% dializyed fetal calf serum 
(FCS), 0.25 mCi of [ 35 S] -methionine and 0.25 mCi of [ 35 S]-cysteine. The cells 
were lysed in 1 ml of lysing buffer (20 mM Tris-HCI, pH 7.4, 50 mM NaCl, 
0.5% Nonidet P-40, 0.5% deoxycholate, 0.5% sodium dodecylsulfate (SDS), 
0.1 trypsin inhibitor unit/ml of aprorinin, and 1 mM EDTA) and briefly 



The lysate was pre-cieared by incubation at 4°C for 1 hour with 10 nl of 
normal rabbit serum or vaccinia immune rabbit serum and protein A-Sepharose 
beads. After centrifugation the beads were discarded. The cleared lvsates were 



incubated with rabbit ccE6 (D. Lowy) or E7 (al6E7NP) immune serum that had 
been preadsorbed by incubation with uniabelied vaccinia virus lvsate. Protein 
A-coated Sepharose beads were then added to the mixture of immune rabbit 
antibody and cell lysate, and incubated. After centrifugation the beads were 
washed twice with RIPA buffer (10 mM Tris-HCl(pH 7.4), 0.15 M NaCl, 1% 
NP-40, 1% deoxycholate, 0.1% SDS, 0.1 trypsin inhibitor unit/ml of aprotinin) 



20 



sonicated. 
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Tte proteins were released from * ^ 

AUK)radi c graph y of *. • lyates when 

^6 rabbit -rum (provtded by D. ing ^ton in either 

, a a\ No band was seen in the con«^ 
(FIGURED 3 and 4). No ban ^ ^ of ^ 

hen the precipitation was penormed with 
lanes when the pr ^ ^ senim . 

lanes where vNY lysates were precipe ^ ^ 

Two vaccinia E6 recombinant plaques, 7.1 and 8. 

analyzed with similar results. by 

u -C7 vaccinia recombinant lysates 
When the E7-vaccima f l8 20 kDa was found upon 

•v,»ri ahove a band of 1&-^ U 
autoradiography, as desenbed above, ^ ^ . n ^ 

• t:-7 rohhit serum (al6 E7 NP). CNU u 
precipta uon with anu-E7 rabbt ^ ^ ^ was 

corresponding position in etther o ^ radiolab eUed vNY 

formed with norma! rabbit serum or - ^ ^ ^ ^ 

lyaKS were precipitate, , £ - * „ ^ » hout5 a ft er synthests. 
(FIGURE 5) demonstrated *at E7 p ^ ^ ^ ^ Smotkin 

State resuits have been shown for *» = P ^ ^ 

• no«7>> I Virol. ^1:1686-1689) that cai y 
«* * ~ 1 E7 proteins ap^ identical to that seen . 
gcno me. The nug-on of ^ P ^ , made in the 

CaSki lysate, suggesting that a tuu 



15 



20 



25 



recombinant vaccinia cells. 
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EXAMPLE 6 



S 



r raonkcy were with *• pcdm8/e7 « o f *. 

present .nvenuon and grown in culture for 48 hours ^ „ 

labelled with M S . M - ... „. „. ™* cells were then 



ceUs m. „ „ EXAMPLE 5 for CaSki 

«*«• Tto cells were then partitioned into „„ clrar , ■ 

*«*», as described in Sato e, ai f i9» V , 

w ( 19 «9) Virology 12Q:3 11-315 

desc J" " erc " ^ ^ fM 5 "*»«• » -I*, buffer as 

described in EXAmpt tt u ""er, as 

SAMPLE 5, and analyzed by 17 5% snc . 

rftmT ,, ■ . J y SDS Poiyacrviamide eels in 

companion to prestained standarri m „i < ' 

of the „ , / Wdght markerS " A ^oradiographv 

of the gels demonstrated the presence of a band at about 18 kn 

Potation with anti-E7 rabbit serum The r , ^ 

Don serum. The results are shown in FIGURE 6. 



EXAMPLE 7 




62:2.15-2123. " ^ ' n ^ " ( ' 988 ' VW. 

zn: detwgents - a 50 mi , — — - 

P«"eted, suspended in 10 ml of Tri* ptvt a w ^ 

EDTA) and digested c ^ ^ ^ °* ^ «* 

NaCI (5.0 M) and 10% NP-40 

M and 0 7r * * ^ concen ^°n of 0.3 

°' 7% ' r «Pecnvely, and the mirn,~ . 
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, 9n v8 . Eau ge needle three utnes to 
^ nassed through an 18 g* u & 
minutes. The soluuon was passed ^ ^ 

re 4uce its viscosity, and was n— ed a ^ lQ minute s, 

<- rielleted at lo.vXW * „ * 

insoluble fracuon was pell ^ ^ ^ „ 0 

suspended in «, - - » ^ - ^ as descnbed 

lo4 . C for 10 minutes. Then— , ^ ^ 

- TOl * ^""1 6 S 20 ml 10% SBS, 20 ml 
Nature 22*6*0, < 10 ml °' 625 " 5% Broroo phenol Biue (prepared » 

.iveool. 2 ml 2-mercaptoethanol, ' _ No . 161-0425. or 

— . . : iz. », - - - «~ 

equivalent, prepared •» H2°>. ^ a 

for 5 mmutes. ^ by eiecrophotesU through 

fusion protein prepa^uon ^ ^ ^ ^ ^ 

toon protein was quanutated by ^ ^ 6 

gels . « volume o f each — ^ ^ ^ „ , 
mro slot was ad S usted to 5 We a C*-- ^ ^ „ , 5 

„ of bovine — — - _ ^sfer burfer, at 

^ Tris . 19 5 mM glycine (pH 8. ) ^ ^ ^ ^ lB 

100 mA for 16-W hour, » N . ethvlmaJeimiae . incubated for 2 

otl „sphate-bu f fered saline — «>J» a (Sig[na chOT ical 

Hours in 5* nonfat dry mi*. 0.9* HaO. ^ ^ ^ ^ 

. Mn s o 1% sodium azide and 1 mm V" 
Co.. St. Mo.). 0- J0% feal serum. 

^ men incubated for 1 hour » blottoco ^ ^ ^ 

awttne reagent was prepared from a mM 
Bloclong reag ., . , s ml of 50 mM Tns (pH 

whi ch was pelleted, resuspended tn 3. ^ ^ ^ added . 

^ and sorted a, 50 W for 20 s«onds. ^ ^ ^ 

Utttt*A to lvX) : ^ 



^,0 me lysate was heated to 100 
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"Blocto- was stored a . ( . 20 . C) ^ 

™ - . negative contro, andgen for WeBB h , ^ Pr ° K ' n ^ 

g " for Westera Wots, the Ivsed induced bacterid 

culture containing the vector r M ,h in, , °actenal 

■Hocto- tv * 10) ° nly "» ™ « -taca-d to m a*e 

. ^ cen lys a.e was tn^ed 1:1 with 2X ^ 

To tnafce oioefchg reagent, this nature ^ 

b,m °- ^ - «"■» Woiate were added to a final c 
of 0 1 % each p,ku- nal con «ntraiion 

.!« each. Rabot, sera were diluted !:,«> in 2J m| blocld 

premcubated at 4°r fr,r a u reagent and 

for 8 hours. Nitrocellulose blots were then added a,d 
mcubation at 4- C was continued for 16-18 hours The h, 

times in 0 5^ a u Were Washed thre e 

times in 0.5% deoxycholate. 0.1 M NaCI 0 -r ; v 

sodium nh , Tnl ° n X - 100 - 10 mM 

sodium phosphate (pH 7 5) far ?n 

^ ° J f0r 20 minu tes per each wash. Goat anri ™kk- 

serum conjugated with a ii«r , anu-rabbit 

Biochemi J nd - ' ^ M ~ 

ochenucais, Indianapohs , m ^ ^ duuted 

hour incubation at about 27°r a. «u 

27 C, the filters were again washed three dmes and 
transferred to the solution of substrate (TABLE n fa ,n • 

developed The „ ° r untii col °' 

u^vciupea. I ne reaction wa«; cmnr^w u ■ . 

Th. «„ y nnSmg the flIters » distilled water 

The filters were dried and photographed. 
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TABLE 1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Tnznu b.*c (25 mM Tris) 
Glycine (1-95 mM) 



60.53 g 
2SS.27 g 



on*, of final volume- 
■ . trt iX add MeOH to 20% ot im» 
Upon dilution to IX. w» 



wrrrTQ 



Nonfat powdered milk (5%) 

N»Cl (0.9%) 
Anitfoam A (0.1*) 
Sodium izide (0.1%) 
pouwium iodide (I mM) 




Oeoxvcholic acid (0.5%) 
Triton X-100(0.5%) 
N.Cl (0-1 *0 

1 M Sodium phoaphate, pH /. 
(10 mM) 



a LITERS 

200 g 
36 g 
12 ml 

0.664 g 

± T .ITERS 

20 g 

20 ml 
23.4 g 
40 ml 



a 1 ITERS 

400 g 
72 g 
24 ml 

8 g 

1.33 g 

ft LITERS 

40 g 
40 ml 

46. a g 

so ml 



n V>vLtNE 



a M aodium phosphate - 268 
u> 1 liter) 



g H. t HP0 4 7H,0^ttodiMoWeMPProx. 



4ml85%H 3 P0 4 topH7.4, q .s. 



Enough for 2 blots 



. Mix after addition ot each reag 



cm. Protect irom light: use 



within I hour. 



^ 70% dtmethylformanude) 

NBT .ubirtte (50 mg/ml m yl form*mide) 
BCIP wbaxrate (50 mg/mi m 100% dime 



10 ml 
33 Ml 



66 ul 



a i K ALINE 



PHOSPaATASE 



BUFFER 



iMTria, pH 9.5 
5 M N*C1 

\ M MgCIo 
Q.S. to 100 ml 



10 ml 
2 ml 



a OOmMTria-HCl.pH9.5) 
(100 mM N»C1) 



0J ml 



( 5 mM MgCIo) 



NUro Blue Teir«zouum.<Sigm»> 



BCIPS 



iTtt^TRATE 



Bromo-4-chloTOj^ 



. |||lnv| p»^h*u* (Sietruj 
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EXAMPLE 8 

HPV P» r „^ 

>° >■* cbny ^in^ in th ' fr ° m ,hc 



TABLET 



Peptide 

359 
360 
361 

357 
358 
375 
376 



E6 or P7 

E7 
E7 
El 

E6 
E6 
£6 
E6 



Amino 

Acid Pnc.r.^n 

29-50 
70-81 
1-10 

148-158 
119- 134 
8-20 
1- 20 



EXAMPLE 9 

me hpv: j 6 Pen^ as Irt1mun( 



m 



Twenty micrograms of peptide 35Q ™ • 

*emocyanin (KLH) was emuI ^ " ^ Hmpet 

' was emulsified in complete Freund', 

fuse* with u, e AG8 ' , PieCT Were ^ 3 days ^ 
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presence of specific antibody in ELISA assays using plates coated with the 
unconjugated peptide at 500 nanograms per well in 0.1 M carbonate buffer, pH 
9.6. Goat anti-mouse IgG conjugated to horse radish peroxidase (HRP) was 
added after 3 washes, and substrate reactions were performed by standard 
ELISA methodology. Two highly reacuve clones (clones #10 and #14) were 
chosen for further cloning and their supematants were titrated in the peptide 359 
ELISA with the result seen in FIGURE 8. Similarly, monoclonal antibodies 
have been prepared against E6 peptides 358 and 375 (data not shown). 



EXAMPLE 10 
Peptide - K"T TT Immup "QP"'"tv Studies 

L5 

Rabbits were immunized by intradermal administration of 100 ng of the 
peptide conjugated to KLH, mixed with complete Freund's adjuvant. The 
animals were boosted three weeks later by intradermal administration of 50 M g 
of the peptide conjugated to KLH, mixed with incomplete Freund's adjuvant. 
20 The rabbits were bled three days after this boost. 

Sera was stored at (-20° C). Rabbit antisera against Trp E-HPV fusion 
proteins were prepared as described in Jenison et al. (1988) J. of Virol. 
62:2115-2123, and were provided by Dr. Denise Galloway (Fred Hutchinson 
Cancer Research Center, Seattle, WA). To eliminate antibodies directed against 
25 E. coli-encoded proteins (including the Trp E portion of the fusion proteins) 

sera were preabsorbed against denatured lysates of E, cqH which express vector 
(pATH) sequences, using the Blocking reagent described in EXAMPLE 7 
hereinabove. 

Rabbit sera were serially diluted and reacted in Western blot assays 
30 against Trp E-E6 and E7 fusion proteins. All anti-peptide sera were reactive 
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with the homologous fusion proteins, demonstrating the immunosenicicv of 
peptide conjugates. The titer of antisera is expressed herein as the reciprocal of 
the highest dilution showing reactivity with the specific protein in Western blot 
analysis. The titers of the various antisera are shown in Table 3 and the 
5 Western blots of the titrations are seen in FIGURES 9 and 10. 



TABLE 3 

10 Rabbit Sera Titer * 

CC357 (E6) OC3.200 100 

CC358 (E6) 102,400 06.400 

CX359 (E7) CC409,600 CC409.000 

15 cc360 (E7) 1,600 

CC361 (E7) 800 

al6E7NP 720,000 



20 



0U6E6DS 40,000 - 80,000 



Highest reciprocal dilution showing positive staining of E6 or El band. 
Two titers indicates two different rabbits were tested. 



The anti-peptide 359 antiserum was the most reactive of the antisera 
25 tested in these Western blots, having a titer of cc409,600. The specificity of 

these reactions were demonstrated by reacting two serum dilutions with both the 
homologous Trp fusion protein and with the Trp control* antigens in Western 
blots. The sera were found to be specific for the homologous fusion protein 
(FIGURE 11). Titers for the anti-peptide 359 antisera were a 1,000,000 in this 
30 assay. 

Positive control rabbit sera (al6E7NP and al6E6DS) were prepared 
against Trp E-E6 fusion protein, pl6 E6 DS-2 (DraIII(lll)-Sau3a(525)) and 
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against E7 fusion protein, pl6 E7 NPI (Nsi I <562)-PstI(875)) respectively, and 
provided by D. Galloway, Fred Hutchinson Cancer Research Center. Seattle, 



WA. 



EXAMPLE 11 



10 



15 




KLH conjugated E6 and E7 peptides, as described in Example 10, were 
used in an ELISA assay to determine whether they represent antigenic epitopes, 
recognized by animals immunized with bacterially expressed HPV16 E6 or 

HPV16 E7 fusion proteins. 

The three E7 peptides, described in EXAMPLE 8. were recognized by 
rabbit antisera against Tip E-E7 «xl6 E7 NP) (provided by D. Galloway, Fred 
Hutchinson Cancer Research Center, Seattle, WA), as seen in Table 4. A 
monoclonal antibody recognizing HPV16 E7 purchased from Triton Biosciences 
was mapped to the aminoterminal peptide 361. 



20 



TABLE 4 



25 



30 



35 



Titer" of antiserum tested in EUSA against KLH-conjugated peptides from the 
E7 open reading frame. 



Peptide 

359(aa 29-50) 
360 (aa 70-81) 
361(aa 1-10) 



o:16E7NP 

1,600 
6,400 
12,800 



mcAb Triton 
Bioscience 



< 100 

< 100 
al2,800 



Titer was determined as the reciprocal of the highest 

fntir-foid hieher ELISA values than background. Backgroi nawas 
de^rmtned ulfng nSmal rabbit serum at 1:100 on the same pepfcae-coated 

dates. 
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Two peptides from the E6 sequence (357 and 358) were similarly 
studied. The results are shown in Table 5 for use of two different anti-E6 
antisera. Peptide number 358 is reactive with HPV16-E6 (Lowy) at a serum 
dilution of 1:400, while al6E6DS has a lower reactivity (1:100). Peptide 357 
was weakly recognized by ccl6E6DS at a 1:100 serum dilution. 



TABLE 5 



Titers* of antisera tested in ELISA against KLH-conjugated peptides of the E6 
open reading rrame. - H no 



15 



20 



25 



Peptide 

357 (aa 148-158) 
358 (aa 119-134) 



al6 Efi n.9 
100 
100 



CCHPV16-Ffi rTr.u/v) 
< 100 



400 



S% r i We » re d t termined f ^ reciprocal of the highest dilution showing 
in Table 4 background vaiues > background determined al 



30 



35 



EXAMPLE 12 

Recognition of Nati ve E7 Prnt^in Rv 
Anti-Peptide Anti^ra 

Rabbits were immunized with E7 peptides, as described in Example 8. 
according to the method of Example 10 and as assayed by RIP. The results 
shown in FIGURE 12 illustrate the recognition of the E7 peptide by anti-E7 
peptide antisera. Antisera from rabbits immunized with peptide 359, 
corresponding to amino acid residue 29 to 50 of E7, recognized the native E7 
protein in vaccinia recombinant lysates as determined by 
radioimmunoprecipitation . 
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EXAMPLE 13 

Sever* Tnwnpn,, Pn.vn.e^ rh„n P ^ Tinn 

Analvsk nfi?\y^ 

Twenty-four clones each of the M 2 murine meianoma celis ^ NCTC 
2555 fibroblast C e,ls raal were wj[h ^ pCDMg/E? ^ ^ 

described ta Example 3, hereinabove, were by ^ ^ ^ ^ 

Three of these clones which gave positive signa,s were men ^ . 

reverse transcriptasepolymerase chain reaction (RT-PCR, analysis 

Cytoplasmic RNA from these transfeeted ceils were isolated as descnbed 

■n Ausubel e, a,. (,989, in Cm.n^mn^^^^ Gam 

Publishing Associates. 

Typical primer extension-RT of cytoplasmic RNA ,o synthesis firs, 
strand cDNA was used, together with PCR to amplify the cDNA. One „ of 
the cytoplasmic RNA was used as a temni a r. t u 

^ „ as used as a template for the amplification reactions 

The first strand cDNA was svmhAci,^ u 

W s yn*«i2ed by using murine leukemia virus reverse 
transcriptase (Life Sciences). 

*T buffer containing denatured RNA samples, 1 M g denatured random 
h«ame, 1 mM of each deoxynucleobde triphosphate (dNTP), ,0 mM sod.um 
mophosphate, 5 mM „ ^ ^ ^ ^ 

WD and 18 untts of murine leukemia reverse transcriptase was mamtained for 
one hour a. 42-C. and subsequently denatured a, lOO'C for 10 minutes. The 
supernatant was used for PCR. 

The oligonucleotide primers used f or PCR were 
HPVA22:5'-GCATGGAGATACACCTACATTG-3' and HPVA20 - 5. 
-TGGTTTCTGAGAACAGATGG-3 ' (DNA Factory, San Diego, CA). The 
CDNA fragments of 292 bp were ampHfled. The PCR reacdon mixture 
(GeneAmp DNA amplificauon Reagent Kit, Peridn Elmer Cetus, Norwa* CD 
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25 



contains 200 »U dNTP. L ^ n£ of pCD M8/E7 

,k pt and -» 5 units of Taq polymerase. One ng 
***** *V BT an* ^ ^ „ 94 . c 

plaS mid was used in the iOt « * ^ ^ ^ ^ ^ ^ for 3 

for 1 minute, annealing at ^ _ n 33 

- m A hv a DNA Thermal Cycler (Penan 
minutes) was pertomed by a DN electroph oresis on a 4% 

n , f prR oroducts were fracuonated by electrop 

cycles and 20 *d ° f pCR pr0<1U ^ stained with ethidium 

. fPMC Bioproducts, Rockland, Mt) suu 
NuSieve agarose gel (FMC iJiop 



bromide. 

FIGURE 



The reS ults shown in FIGUKfc » i»u~~ 

nrra N7 2 and N7.4) display the predicted 
three transfectants 5 - flbro blasts 

««i cell lines (melanoma and NUi^ 
foments. The parental cell line 

j_ not disolav these fragments, 
cells) , however, do not displ . Recants was pretreated w lt h 

u rnPNA isolated from these transits 
When the mRNA isoial displav these 

* pt PCR the PCR product did not cnspi . 
DNase-free RNase before RT-PCR, tne 
fragments, as monitored by gel electrophoresis. 



EXAMPLE 

Tjmnorjmi^ 



The * o f in— - HPV — > - ^ - 

_ a-— - — * *~ C3H,HeN ^ 

paries *ver Breeding . ^rUoneaUy wi* a 

Groups of 5 rrnce - - cdIs , ^ eilh er 

„ HPV-B6 or -E7 epuope ^ ^ ^ ^ 

^ - a — enic - <* " 106 «"* 

— * ^TI"! HPV, E7 CB.C3, on - — * 
of M2 melanoma ceUs transrectal 
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backs of the mice. Tumor ma« n^r A . 

maSS Was d ^rinined by measurement of the 
diameter of the tumor. The result* • ^ 

results, shown , n FIGURE 14, show that 

immunization with fibroblast cells expressing 3n pt • 

expressing an E7 epitope resulted in a 

development of tumors b y the H7C3 cells which was invariablv 

^ ' bX Wm0r r ~"- *~ c=„ S e TOg „ 

HPV16 E6 epttope, on U,e other hand, did no[ inhibit , umor ^ ^ 

and nonimmune mice consistent,, devdoped ^ ^ 
challenged with E7C3 cells. 

Similar studies ,„ which mice were tnjected intraperitoneal with E6 or 
transfer, fibrobiasts and *e„ challenged W]th £fi ^ 
produced similar resuits; E6 tralsfecanI 

against tumor formation bv M2 p^iic fT -,„„.- . 

oy M2 cells transited with E6, but not by M2 cells 

transfected with E7. The results are shown in Table 6. 



TABLE 6 



Mice inoculated with: 



FIBRORT.ACTC 

None 

None 

None 
Non-transfected 
Non-transfected 

E6 

£6 

E6 

£6 

E7 

E7 
E7 
E7 



MELANO MA CFT r <: 
M2 
E7C3 
M2/E6 
None 
E7C3 
None 
M2 
M2/E6 
E7C3 
None 
M2 
E7C3 
M2/E6 



TUMOR HPnurrxf 

Yes 

Yes 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 
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f P3H/HeN mice with E7C3 cells produced tumors in the 

r: — " — — - - - 

^ le umors occurred; however, interferon admired to mice 

regr ession of the turn ^ ^ ^ development . 

injected with the non-transtected nmor 

j m :-e chewed that functional T cells are n 
Studies in nude mice ^ ^ ^ 

,r Tumors developed in nude mice in re ^ 
r e gre ss,o„ » occur. Tumors ^ ^ rf ^ ^ „ 

wi* eifcer transferee or n onWec<ed M 

. Table 7 Further, the presence or absence of mtertero 

shown in Table /. 

upon tumor development in nude mice. 



M2 

M2 + Interferon 

E7C3 
E7C3 + Interferon 
M2 
E7C3 
E7C3 +■ Interferon 
^2 + Inter feron 



TABLE 7 

MICE 

C3H/HeN 
C3H/HeN 
C3H/HeN 
C3H/HeN 
Nude 
Nude 
Nude 
Nude 

EXAMPLE 15 



PROGRESSIVE 
TTTM^F GROWTH 



Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 



35 



4- T T ymphocvte 

VTrrr n < 5 5 derived 

non-mmorigenic fibroblasts transited « PBS .dUutea averts 

_ Uten each inject* ^peritonea!., «* 1 ° ^ „ M3 , 

«f an anti-CD8 monoclonal antibody ic 

fluid containing 1 mg ot lytnph ocytes. Control mice 

I g G2A from ATCC) to deplete the CD8 T ly 
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received 1 ml of PBS . dilu£ed 

« — _ ^xr— 

Tie results are shown jn FIGURE 
—nai antioodv ^ ^ ant,-CDS 

d-U-*d wi* E7C3 ceiis. However J , ^ ^ 

xiuwcver, tne control M7 ? 
™noc,onai anaoody-treated ^ N7.2. lmmuni2ed 

wi* H7C3 ecu, P AC S tUm ° r deVC, ° Pment ^ 

r^ula are shown i„ rrnrro. „ _ . MTOr ™e 



greater than 90% i„ . "° shown to be 

v-j-/o treated mice The CTia - u i 

those tnice was tneasured with fluoreMjn m . ' ymPh0CyM 

no ch Mge i„ CIM s ubs e, i„ » K e ^ ~* ^ *— — 

These results indicate that CDS + KPV16F7 
important effector cells in m ~r ■ HPVI6E7 -^^ T lymphocytes are 

cells m mediating tumor regression of M2/E7 tun, • 
immunized with N7 2 tumors in mice 



The foregoing description and F»mni 
- .ese. invent, J „ OI ^ ^ ~™ " — of 

" mane - Numerous variations and 



modifications ntay be effected without depart t , ** 
°f *. present invention. * " «** «*« 
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We Claim: 



1. A composition comprising an immunogenic peptide that substantially 
corresponds to the amino acid residue sequence of a peptide expressed in 
a mammalian cell in response to human papilloma virus infection. 



The composition of Claim 1 , comprising a recombinant cell containing a 
gene encoding said peptide. 



3. The composition of Claim 2, wherein said recombinant cell is a virus. 



4. The composition of Claim 3, wherein said virus is a vaccinia virus. 



5. The composition of Claim 2, wherein said recombinant cell is selected 
15 from the group consisting of epithelial cells, fibroblasts and MHC class I 

positive lymphocytes. 



6. The composition of Claim 2, wherein said recombinant cell is a 



rumor 



cell. 



7. The composition of Claim 2, wherein said gene, encodes a peptide 
substantially corresponding to a region of the E6 nucleoprotein. 

8. The composition of Claim 2, wherein said gene encodes a peptide 
25 substantially corresponding to a region of the E7 nucleoprotein. 
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9. 



10. 



11. 



12. 



15 13. 



14. 
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The composition of Claim 1, wherein said peptide comprises an epitopic 
region of the E6 protein. 



The composition of Claim 1, wherein said peptide comprises an epitopic 
region of the E7 protein. 



The composition of Claim 4, comprising a recombinant vaccinia virus 
containing a gene that encodes and expresses an epitopic region of an E6 
nucleoprotein of human papilloma virus. 

The composition of Claim 4, comprising a recombinant vaccinia virus 
containing a gene that encodes and expresses an epitopic region of an E7 
nucleoprotein of human papilloma virus. 

The composition of Claim 4 comprising a recombinant vaccinia virus 
containing a region of a gene of human papilloma viruses that induces 
the expression of an immunogenic peptide in a mammalian ceil. 

The composition of Claim 6, wherein said tumor cell comprises a 
recombinant mammalian cell containing a region of the E6 gene of 
human papilloma virus that encodes and expresses- an epitopic region of 
an immungenic peptide by said mammalian cell. 



15. The composition of. Claim 14, wherein said mammalian ceil is a human 
25 cell. 
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16. The composition of Claim 6, wherein said mammalian cell comprises a 
recombinant human cell containing a region of the E7 gene of human 
papilloma virus that encodes and expresses an epitopic region of an 
immunogenic peptide by said melanoma cell. 



17. The composition of Claim 16, wherein said mammalian cell is a cell 
selected from the group consisting blood cells, fibroblasts, and epithelial 
cells. 



10 18. 



A method of treating a condition resultant from human papilloma virus 
infection comprising: 



administering to a patient a therapeutically effective amount of a 
composition, comprising a peptide that substantially corresponds 
to the amino acid residue sequence of a region of a peptide 
15 expressed in mammalian cells in response to a human papilloma 

virus infection, for a time period sufficient to inhibit the 
progression of said condition. 



19. The method of Claim 18, wherein said composition comprises a 
recombinant cell containing a region of an E6 gene of human papilloma 
virus that induces the expression of an immunogenenic peptide in a 
mammalian cell. 



20. The method of Claim 19, wherein said cell is a. vaccinia virus. 



21. The method of Claim 18, wherein said composition comprises a 
recombinant cell containing; a region of an E7 gene of human papilloma 
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vims that induces the expression of an immunogenic peptide in a 
mammalian cell. 

The method of Claim 21, wherein said cell is a vaccinia virus. 

The method of Claim 18, wherein said condition is a cervical wan. 

The method of Claim 18, wherein said condition is a human cervical 
carcinoma. 

The method of Claim 18, wherein said method inhibits the proliferation 
of cells infected with human papilloma virus. 

A prophylactic method to inhibit tumor initiation of cells following the 
detection of human papilloma virus infection comprising: 

administering to a patient a therapeutically effective amount of a 
composition, comprising a peptide that substantially corresponds 
to the amino acid residue sequence of a peptide induced in a 
mammalian cell by human papilloma virus infection to elicit a 
protective response in said patient that inhibits tumor initiation of 
said virus infected cells. 

The method of Claim 26, wherein said composition comprises a 
recombinant cell containing a gene encoding said peptide. 

The method of Claim 27, wherein said recombinant cell is a vaccinia 
virus. 
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29. 



The method of Claim 27, wherein said recombinant cell is selected from 
the group consisting of epithelial cells, fibroblasts and MHC class I 



positive lymphocytes, 



30. 



The method of Claim 26, wherein said peptide comprises an epitope of 
the E6 nucleoprotein of human papilloma vims. 



31. The method of Claim 26. wherein said pepude comprises an epitope ot 
the E7 nucleoprotein of human papilloma virus. 

32. The method of Claim 26, wherein said pepude comprises a mammalian 
peptide induced by a region of a human papilloma virus gene. 

15 33. A recombinant cell containing a gene encoding a peptide that 

substantially corresponds to. an amino acid residue sequence of a peptide 
expressed in a mammalian cell in response to human papilloma virus 

infection. 



20 34 



35. 



The recombinant cell of Claim 33, wherein said peptide is expressed as 
an epitopic region by said cell. 

The recombinant cell of Claim 33, wherein said ceil is a vaccinia virus. 



36. The recombinant cell of Claim 33 , wherein said cell is an epithelial cell, 

37. The recombinant cell of Claim 33, wherein said cell is a tumor cell. 
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38. A peptide comprising a sequence of about 8 to about 30 amino acid 
residues substantially corresponding to a region of a protein of human 
papilloma virus. 



39. 



The peptide of Claim 38, wherein said region is an epitopic region of 
said protein. 



40. The peptide of Claim 38, wherein said protein is the E7 
10 HPV16. 



protein of 



41. The peptide of Claim 40, corresponding to the amino acid residue 
sequence from about residue 1 to about residue 10 in the E7 amino acid 
sequence of Figure 7. 



42, 



The peptide of Claim 40, corresponding to the amino acid residue 
sequence from about residue 29 to about residue 50 in the E7 amino acid 
sequence of Figure 7. 



20 43. 



The peptide of Claim 40, corresponding to the amino acid residue 
sequence from about residue 70 to about residue 8 1 in the E7 amino acid 
sequence of Figure 7. 



44. The peptide of Claim 40, wherein said protein is the E6 protein of 
25 HPV16. 
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The peptide of Claim 44, corresponding to the amino acid residue 
seauence from about residue 1 to about residue 20 in the E6 amino acid 



sequence of Figure 7. 



The peptide of Claim 44, corresponding to the amino acid residue 
sequence from about residue 8 to about residue 20 in the E6 amino acid 



sequence of Figure 7. 



The peptide of Claim 44, corresponding to the amino acid residue 
sequence from about residue 1 19 to about residue 134 in the E6 amino 



acid sequence of Figure 



The peptide of Claim 44, corresponding to the amino acid residue 
sequence from about residue 148 to about residue 158 in the E6 amino 
acid sequence of Figure 7. 

A method of inhibiting human papilloma virus infection in a patient 
comprising: 

administering a sufficient amount of a immunogenic composition 
to a patient to effectively elicit an immunologically protective 
response in said patient to an infection by human papilloma virus, 
said immunogenic composition comprising a recombinant cell 
containing a gene encoding a peptide that substantially 
corresponds to an amino acid residue sequence of a region of a 
peptide induced in a mammalian cell in response to a human 
papilloma virus infection, said peptide or a combination thereof. 
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50. The method of Claim 49, wherein said recombinant cell is a virus. 



51. The method of Claim 50, wherein said virus is a vaccinia virus. 



52. The method of Claim 50, wherein said recombinant cell is selected from 
the group consisting of epithelial cells, fibroblasts and MHC class I 
positive lymphocytes. 



53. The method of Claim 49, wherein said peptide comprises an epitopic 
*0 region of an E6 nucleoprotein of human papilloma virus. 



54. The method of Claim 49, wherein said peptide comprises an epitopic 
region of an E7 nucleoprotein of human papilloma virus. 



15 55. 



An antibody molecule capable of competing with a peptide, expressed in 
response to an HPV infection, for a receptor for said peptide. 



56. The antibody of Claim 55, wherein said peptide comprises a region of 
the E7 protein of HPV. 



57. The antibody of Claim 56, wherein said antibody molecule is an 
anti-idiotypic antibody to said peptide. 



58. The antibody of Claim 57, wherein said peptide corresponds to the 
25 amino acid residue sequence from about residue 29 to about residue 50 

in the E7 amino acid sequence of Figure 7. 
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The antibody of Claim 55, wherein said peptide comprises a region of 
the E6 protein of HPV, 

The antibody of Claim 59, wherein said antibody molecule is an anti- 
idiotype antibody to said peptide. 
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E6 AMINO ACID SEQUENCE 
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E7 AMINO ACID SEQUENCE 
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